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Abstract
Recombination dynamics, photoluminescence and photoluminescence excitation spectra have
been investigated for 1.9 eV photoluminescence band in AlN in the temperature range of
5–650 K. The recombination dynamics for the 1.9 eV photoluminescence band has been
described by a model of donor-acceptor recombination with taking into account a broadening
due to electron coupling with local lattice vibrations of a deep level defect. The experimental
results have been compared with density functional theory calculations of luminescence peak
energies and line shapes of band to defect and donor-acceptor transitions, and possible origin of
the orange photoluminescence band in AlN has been discussed.
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(Some figures may appear in colour only in the online journal)

1. Introduction

III-nitrides and heterostructures based on these materials
are technologically important for creating light-emitting
diodes and laser diodes of the ultraviolet and visible range
[1, 2], high-power high-frequency transistors [3], photodetect-
ors [4, 5], and single-photon sources operating at room temper-
ature [6, 7]. Study of point defects is necessary for control of
the material quality, which influences on device performance.
Point defects in AlN are manifested in optical experiments,
such as luminescence and absorption spectroscopy. Photolu-
minescence band near 2 eV in AlN was observed in earlier
works [8–14]. This band was observed in epitaxial AlN layers
as well as in bulk AlN samples with small density of exten-
ded defects, which indicates that it is related to point defects.
The 2 eV photoluminescence band in AlN has been explained
by a transition from a shallow donor to a deep acceptor
[11, 12, 14], with ionization energy of the acceptor of
2.4–2.6 eV and Franck-Condon shift of 1.0–1.2 eV. Density
functional theory calculations give Franck-Condon shifts for
common deep acceptors in AlN in the range 0.34–0.75 eV

[15–18]. The observed difference makes it difficult to asso-
ciate the experimental data on the orange photoluminescence
band to the existing calculations of defects in AlN. In order to
improve the understanding of the nature of the orange photo-
luminescence band in AlN, we have investigated this band by
stationary and time-resolved photoluminescence spectroscopy
and photoluminescence excitation spectroscopy in a wide tem-
perature range of 5–650 K, and have compared the experi-
mental results with density-functional theory calculations of
luminescence peak energies and line shapes of band to defect
and donor-acceptor transitions taking into account lattice
relaxation of both donor and acceptor.

2. Experimental details

AlN samples were grown by molecular-beam epitaxy on
(0001) sapphire substrates with ammonia nitrogen source.
Undoped AlN sample contains 1.2-µm AlN layer grown at
substrate temperature of 940

◦
C ammonia flux of 15 sccm and

beam equivalent pressure of Al of 2.0· 10−7 Torr. Before
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the start of the growth sapphire substrate was nitrided dur-
ing 30 min in ammonia flux of 25 sccm at substrate tem-
perature of 840

◦
C. Si-doped AlN sample comprises 1.2-µm

Si-doped AlN layer and a 350 nm undoped AlN buffer
layer. Doping by silicon during the AlN growth was con-
ducted using a 0.7% silane gas mix with molecular nitro-
gen at a flux of 3.0 sccm. Nitridation of sapphire substrate
was carried out during 9 min in ammonia flux of 25 sccm
at substrate temperature of 840

◦
C. The AlN buffer layer was

grown at substrate temperature of 940
◦
C at ammonia flux of

10 sccm and beam equivalent pressure of Al of 1.9·10−7 Torr.
The Si-doped AlN layer was grown at substrate temperat-
ure of 900

◦
C, at ammonia flux of 25 sccm and beam equi-

valent pressure of Al of 2.3·10−7 Torr. Concentrations of
oxygen, carbon and silicon atoms in AlN layers were meas-
ured by secondary-ion mass spectrometry (SIMS) in IMS7f
(CAMECA) setup with primary Cs+ ions. Electron beam irra-
diation was used to neutralize the charge of the samples.
The average concentrations of the impurities in the undoped
AlN sample are [O] = 1.1·1021 cm−3, [C] = 3.3·1020 cm−3,
[Si] = 7.8·1018 cm−3. In the Si-doped AlN layer the aver-
age concentrations of the impurities are [O]= 1.0·1020 cm−3,
[C] = 8.4·1019 cm−3, [Si] = 1.4·1020 cm−3.

Stationary photoluminescence (PL) spectra of the AlN lay-
ers were measured using Acton SP2500i (Princeton Instru-
ments) spectrometer with liquid nitrogen cooled CCD mat-
rix detector. The PL spectra were normalized on spectral
sensitivity of the measuring system. The PL was excited
by continuous-wave frequency-quadrupled Nd:YAG laser
with a photon energy of 4.66 eV for stationary PL spec-
tra and by pulsed frequency-quadrupled Nd:YLF laser with
a photon energy of 4.71 eV, pulse duration of 3 ns and
pulse repetition frequency of 1 kHz for PL decay kinet-
ics measurements. Diameter of the laser spot was about
0.5 mm in the case of pulsed excitation and about 1 mm
in the case of continuous wave excitation. Absorption of
the incident light in the AlN layer at the photon energies
4.66–4.71 eV was about 15% for both undoped and Si-
doped sample. The time-resolved PL was measured by time-
correlated single photon counting system with a cooled FEU-
79 photoelectric multiplier working in photon counting mode.
For the time-resolved PL a double SDL-1 (LOMO) mono-
chromator was used. Photoluminescence excitation (PLE)
spectra were measured using radiation of 450-Watt xenon
lamp transmitted through a 350-mm monochromator with
a 3600 grooves/mm holographic UV-optimized grating. The
radiation power was controlled by a calibrated silicon pho-
todiode. Temperature of the sample was controlled by a
helium cryostat for the temperature range 5–325 K, and
by a high-temperature thermostat for the temperature range
300–650 K.

3. Results

Figure 1 shows PL and PLE spectra of undoped and silicon-
doped AlN samples measured at the temperature of 300 K.
A PL band with maximum at 1.93 eV and full width at half

Figure 1. Photoluminescence spectra of undoped and Si-doped AlN
samples, measured at the excitation by 4.66 eV laser, and
photoluminescence excitation spectra of the same samples,
measured at the detection energies of 1.93 eV and 3.1 eV for
undoped and Si-doped AlN sample, correspondingly.

maximum (FWHM) of 0.62 eV is observed in the PL spectrum
of undoped AlN sample. PLE spectrum of undoped AlNmeas-
ured at detection energy of 1.93 eV contains a band with max-
imum at 4.7 eV and FWHM of 1.14 eV. The PL spectrum of
silicon-doped AlN contains a band with maximum at 3.09 eV
and FWHM of 0.73 eV. A band near 2 eV with interference-
modulated shape is also seen in the PL spectrum of the Si-
doped AlN sample. PLE spectrum of the Si-doped AlN meas-
ured at detection energy of 3.1 eV has a maximum near 6.0 eV
which corresponds to interband transition. The 3.1 eV band
was studied earlier in [19, 20], so we will focus mainly on the
1.9 eV band in this work.

Figure 2 shows PL spectra of undoped AlN sample meas-
ured at different temperatures at the continuous wave laser
excitation with power of 5 mW. PL maximum position
remains approximately constant in the temperature range of 5–
350 K, and shifts to the higher energies with further increase in
the temperature. The temperature dependence of the FWHM
of the PL band has been fitted by configuration coordinate
model equation [21]:

W(T) =W0

√
coth

(
ℏωph
2kT

)
, (1)

where ℏωph is local phonon energy, andW0 = ℏωph
√
8ln(2)S,

S is Huang-Rhys parameter. The fitting gives the values of the
parameters W0 = 0.56± 0.01 eV and ℏωph = 51± 2 meV.
The PL intensity temperature dependence is well described by
thermal-activated behavior with two activation energies:

I(T) =
I0

1+C1 exp
(
−EAct1

kT

)
+C2 exp

(
−EAct2

kT

) (2)

with parameters C1 = 2850± 10, EAct1 = 257± 2 meV, C2 =
0.60± 0.05, EAct2 = 10± 0.5 meV.
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Figure 2. Temperature dependence of the photoluminescence spectrum of undoped AlN (a), and temperature dependences of the PL
maximum position (b), full width at half maximum (c), and integrated intensity of the photoluminescence band (d).

Figure 3(a) shows temperature dependence of the PLE
spectrum of the undopedAlN sample at the detection energy of
1.93 eV. The PLE spectra were fitted by Gaussian curves, from
which the dependences of the width and maximum position of
the PLE band have been obtained. At the temperatures higher
than 300 K the maximum position of the PLE band shifts to
lower energies. This shift is slower than the change in the AlN
band gap with the temperature calculated as:

Eg(T) = Eg(0)−
2A

exp
(
Θ
T

)
− 1

(3)

with parameters A = 0.2 eV, Θ = 558 K [22] (figure 3(b)).
The width of the PLE band has been fitted by equa-
tion (1), with parameters W0 = 1.0 eV and ℏωph = 64 meV
(figure 3(c)).

Figure 4 shows PL decay curves of undoped AlN measured
at different photon energies with pulsed laser excitation with
average power of 1 mW. The dependence of the PL intensity
on time and emission photon energy is well described by the
model of donor-acceptor recombination of shallow donor and

deep acceptor [23]:

I(E, t) =
ˆ ∞

0
IE1(t)exp

(
− (E−E0 −E1)

2

2∆2

)
dE1, (4)

where E0 is a center of Gaussian-shaped vibronic band of a
single donor-acceptor pair at the distance between donor and
acceptor r→∞ and ∆ is the width parameter of the Gaus-
sian line shape, E1 is convolution variable, IE1(t) is the time-
dependent line shape for the donor-acceptor recombination
without taking into account the coupling with local lattice
vibrations [24]:

IE(t) =
4πn
E4

(
e2

ε

)3

Wmax exp

(
− 2e2

εEad
−Wmaxt

exp

(
− 2e2

εEad

))
× exp

(
4πn

ˆ ∞

0
(exp(−WR(r)t)− 1)r2dr

)
,

(5)
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Figure 3. Temperature dependence of the photoluminescence excitation spectrum of undoped AlN measured at detection energy of 1.93 eV
(a), and temperature dependences of the maximum position (b) and width (c) of the PLE band. The dashed line shows the change of the AlN
band gap with the temperature.
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Figure 4. Photoluminescence decay curves of the undoped AlN
sample at different spectrum points. Symbols—experiment, solid
lines—fitting by equation (4) with fixed value of ad = 1.31 nm and
with varying parameters Wmax and n, resulting Wmax = 9.6·107 s−1

and n = 5.1·1019 cm−3.

WR(r) =Wmax exp

(
−2

r
ad

)
, (6)

where ad is donor Bohr radius, r is the distance between donor
and acceptor, WR(r) is the probability of the radiative trans-
ition per unit time, ε is dielectric constant, n is concentration
of the majority constituent (donors or acceptors). Bohr radius
of the shallow donor in the effective mass approximation is
εℏ2/(m∗e2). With the values of the electron effective mass
in AlN m* = 0.33m0 and dielectric constant ε = 8.17, the
donor Bohr radius is ad = 1.31 nm. An estimation of the ad
for the ionization energy assumed to be equal to the activation
energy of the PL quenching Ed = 0.257 eV is ad = 0.67 nm.
The parameters E0 and ∆ were determined by approxima-
tion of the stationary PL spectra by the time-integrated equa-
tion (4). Fitting of the decay curves in the different spec-
trum points by the dependence 4 with fixed value of ad =
1.31 nm (figure 4) gives the values of Wmax = 9.6·107 s−1

and n = 5.1·1019 cm−3. Fitting of the same curves with
fixed value of ad = 0.67 nm gives Wmax = 9.6·107 s−1 and
n = 3.7·1020 cm−3.

In order to verify the model and find a range of pos-
sible defect parameters we have compared the experimentally
obtained value of Wmax with a theoretical estimation. Prob-
ability of the donor-acceptor transition per unit time WR(r)
for spin-conserving dipole-allowed transition can be estimated
as [25]:

WR(r)≈

[(
Eeff
E0

)2

nr

]
2αℏ2ω3Ep
3m0c2E2

g
I2DA(r). (7)

The overlap integral IDA(r) at r> ad > aa can be expressed
as [25]:

IDA(r)≈
64(aa/ad)3

[1− (aa/ad)2]
4 exp

(
−2r
ad

)
, (8)

Figure 5. Photoluminescence decay curves for undoped AlN
sample at different temperatures. Detection wavelength is 600 nm
(ℏω = 2.07 eV). Symbols—experiment, solid lines—fitting by
equation (4) with varying parameter Wmax and fixed values of ad =
1.31 nm and n = 5.1·1019 cm−3.

Figure 6. Temperature dependence of the parameter Wmax obtained
by fitting of the decay curves by the equation (4).

where r is distance between donor and acceptor, ad and aa
are Bohr radii for donor and acceptor which can be estimated
as ad = ℏ/

√
2m∗

eEd, aa = ℏ/
√
2m∗

hEa. Taking the values of
the effective masses of the electron me = 0.33m0 [26] and of
the light hole mh = 0.69m0 [26], averaged dielectric constant
ε = 8.17 [27], and Kane energy Ep = 17.8 eV [26] we obtain
for effective mass shallow donor (Ed = 0.067 eV) that vary-
ing of the acceptor ionization energy Ea from 1.5 eV to 3.5 eV
lead to Wmax values from 2.6·107 s−1 to 7.0·106 s−1. If we
assume Ed = 0.257 eV, then varying of the Ea from 1.5 eV
to 3.5 eV lead to Wmax values from 2.5·108 s−1 to 5.8·107
s−1, which agrees in the order of magnitude with the exper-
imental value of Wmax = 9.6·107 s−1. The PL decay time
decreases with increase in the temperature (figure 5). It has
been empirically found that the decay curves at the differ-
ent temperatures can be described by equation (4) with the
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Figure 7. Photoluminescence decay curves of undoped AlN and
Si-doped AlN in different spectrum points at the temperature of
300 K.

parameter Wmax depending on the temperature as Wmax(T) =
W0 +W1 exp(−EAct/kT) with activation energy EAct = 285 ±
7 meV (figure 6).

The 3.1 eV PL band in the Si-doped AlN shows much
longer decay times and weaker temperature dependence in
comparison to the 1.9 eV PL band. The PL intensity of the
3.1 eV band decreases by about 50% with increase in the
temperature from 300 K to 650 K with activation energy of
111 meV. Figure 7 shows PL decay curves of the undoped and
Si-doped AlN samples. It is seen that the 3.1 eV band decays
much slower than the 1.9 eV band. For the 1.9 eV PL band
the decay curves of the undoped and Si-doped AlN are very
close at the times shorter than 0.3 µs, at the longer times in
the Si-doped AlN sample a slower part of the decay curve is
observed, which originates from the contribution of the 3.1 eV
band.

4. Discussion

In order to improve understanding of the nature of the
1.9 eV photoluminescence band we have conducted density
functional theory calculations of the luminescence peak posi-
tions and the luminescence line shapes for different defects in
AlN [28]. In accordance with previous calculations [15–18],
transitions from conduction band to most common acceptors
in AlN, such as CN, VAl, VAl-nON, VAl-nSiAl give the PLmax-
imum energy higher than the observed 1.9 eVPL band. Lumin-
escence line shape for donor-acceptor transition, assuming
independent local lattice vibrations for donor and acceptor, can
be calculated as:

G(ℏω)∝ ω3
∑
j,m,k,l

wj(T)wk(T) |⟨χej|χgm⟩|2 |⟨χel|χgk⟩|2

×GDA (ℏω− jℏωea+mℏωga− kℏωed+ lℏωgd) , (9)

where indices j and m numbers initial and final vibrational
states of the acceptor with local phonon energies ℏωea and
ℏωga, indices k and l numbers initial and final vibrational
states of the donor with local phonon energies ℏωed and
ℏωgd, correspondingly. wj(T) and wk(T) are thermal occu-
pancies of the vibration levels of the acceptor and donor in
the initial state, χej, χgm, χel and χgk are harmonic oscil-
lator vibrational wave functions for donor and acceptor, and
GDA(ℏω) is usual line shape of the donor-acceptor transition
without taking into account local lattice vibrations of donor
and acceptor [24, 28]. Configuration coordinate model para-
meters, which determine the vibrational wave functions, were
calculated on the basis of the model, proposed by Alkauskas et
al [29], using density functional theory with hybrid functional
HSE [30, 31] with fraction of the Hartree–Fock exchange a=
0.33 adjusted to obtain the calculated AlN band gap close to
the experimental value.

For donor-acceptor transition from a shallow donor without
significant lattice relaxation between the initial and final states
to the aluminium vacancy VAl(2−/3−) we have calculated
that for the donor ionization energy varying from 50 meV to
300 meV the luminescence peak position varies from 2.93 eV
to 2.83 eV, which is about 1 eV higher than the experi-
mental peak position of 1.93 eV. For the defects CN, VAl-
nON, CNON, CNSiAl, VAl-nSiAl the calculated luminescence
peak photon energies for donor-acceptor transition from a
shallow donor with Ed = 50–300 meV are even higher in
energy. The calculated low-temperature line widths for band
to defect transitions are in the range 0.38–0.53 eV. The
widths are increased by about 0.03–0.4 eV for donor-acceptor
transitions from a shallow donor with ionization energy of
50–300 meV without taking into account the donor lattice
relaxation.

To take into account the donor lattice relaxation we have
calculated configuration diagrams of the ON and SiAl donors
in AlN for the charge states 0 and+1. In the charge state+1 of
the ON defect the oxygen atom is located near the N lattice site
of the bulk AlN. In the zero charge state the minimum-energy
configuration of the ON defect corresponds to shifted position
of the oxygen atom out of the c axis. We think that the unshif-
ted position of the oxygen atom in the zero charge state cor-
responds to shallow donor state with a small Franck-Condon
shift, and the minimum-energy configuration corresponds to a
deep polaronic state with relatively large Franck-Condon shift.
The calculated ionization energy for theminimum-energy con-
figuration of the neutral ON defect is 0.45 eV and the Franck-
Condon shift for transition to +1 charge state is 1.48 eV. Cal-
culated luminescence peak energies for transitions from the
minimum-energy configuration of the neutral ON defect to the
CN, (VAl3ON)c and (VAl3ON)a defects are 2.19 eV, 2.06 eV
and 2.11 eV, correspondingly. Calculated low-temperature
line widths for these transitions are in the range of 0.72–
0.83 eV, which are higher than the experimental line width
0.56 eV. We think that this difference is caused by assuming
the independent lattice relaxations in the equation (9), which
leads to overestimation of the line width. Thus, we can sup-
pose that the low emission peak photon energy of the 1.9 eV
band can be explained by taking into account the possibility
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Figure 8. Comparison of the experimental lineshape at T = 10 K for undoped AlN with calculated luminescence lineshapes for different
defect-related transitions.

of oxygen donor relaxation into the deep polaronic states
with relatively large Franck-Condon shift in the neutral charge
state.

Let us consider other possible hypotheses about the nature
of the orange photoluminescence band in AlN. According to
our calculations, for nitrogen vacancy energy level (0/1+)
is located at 1.42 eV below the conduction band edge, and
Franck-Condon shift for transition from the neutral charge
state to +1 charge state is 0.71 eV. Calculated luminescence
peak energy for donor-acceptor transition from VN(0/1+) to
CN(0/1−) is 1.91 eV, which is in good agreement with the
experiment. The calculated line width for this transition is
0.68 eV. The calculated line width for intracentre transition
in CNVN defect complex is 0.59 eV, which is closer to the
experiment. Using the ionization energy Ed = 1.42 eV of the
VN(0/1+) donor in the fitting of the PL kinetics, we obtain
n = 3.7·1021 cm−3 and Wmax = 1.28·108 s. The high value
of the concentration could be explained by supposition that
the relative positions of the donors and acceptors are correl-
ated, which leads to shorter average distance between donor
and acceptor. However, we expect that at the high concen-
trations of oxygen and silicon donors the nitrogen vacan-
cies will not be a main donor defect and will have a low
concentration.

In the −1 charge state the donors ON and SiAl form DX-
centres with large shifts of the oxygen and silicon atom pos-
itions relative to the corresponding lattice site. The calcu-
lated luminescence peak energies for transitions from the
ONDX-a and ONDX-c centres to the CN defect are 1.54 eV
and 1.60 eV. The calculated luminescence peak energies for

transitions from the ONDX-a and ONDX-c centres to the
CNON complex are 1.80 eV and 1.92 eV (figure 8). Thus, the
transition from the oxygen DX centres to the CNON complex
can be another possible explanation of the orange photolu-
minescence band in AlN. Considering the transition between
donors and defect complexes as acceptors we keep in mind
that this is only the simplified way to consider correlation
of the defect positions. In general case, different distribu-
tions of the atoms in the different lattice sites should be
considered.

Another hypothesis is transition of a hole from the valence
band to complexes of Al vacancy with oxygen [8]. Accord-
ing to our calculations, the luminescence peak energies for
the transition from the valence band to defect is 2.33 eV for
(VAlON)c, 2.26 eV for (VAlON)a, 1.87 eV for (VAl2ON)c, and
1.86 eV for (VAl2ON)a, which are comparable to the exper-
imentally observed. However, excitation mechanism for this
transition is unclear. It is expected that the Fermi level is in
upper half of the band gap in our samples, so the (2−/1−)
level for VAlON and (1−/0) level for VAl2ON will be filled
and another defect with empty level is needed for creation of a
hole in the valence band with below-bandgap excitation. Cal-
culated maximum positions and widths of luminescence bands
for all considered transitions at T = 10 K are summarized in
the table 1.

We have observed earlier that the intensity of the orange
photoluminescence band increases with increase of the III/V
flux ratio [11]. Although the intensity is affected by other
factors, this general tendency is conserved for a large num-
ber of samples. This fact indicates in favor of the defects

7
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Table 1. Calculated maximum positions and widths of luminescence bands for selected donor-acceptor and band to defect transitions in
AlN at T = 10 K.

Transition ℏωPL (eV) W0 (eV)

SD(50− 300meV)(0)+VAl(2−)→ SD(50− 300meV)(1+)+VAl(3−) 2.93–2.83 0.53–0.96
ON(0)(deepstate)+CN(0)→ ON(1+)+CN(1−) 2.19 0.83
ON(0)(deepstate)+ (VAl3ON)a(1+)→ ON(1+)+ (VAl3ON)a(0) 2.11 0.75
ON(0)(deepstate)+ (VAl3ON)c(1+)→ ON(1+)+ (VAl3ON)c(0) 2.06 0.72
VN(0)+CN(0)→ VN(1+)+CN(1−) 1.91 0.71
ONDXa(1−)+CN(0)→ ONDXa(0)+CN(1−) 1.54 0.66
ONDXc(1−)+CN(0)→ ONDXc(0)+CN(1−) 1.60 0.55
ONDXa(1−)+CNON(1+)→ ONDXa(0)+CNON(0) 1.80 0.75
ONDXc(1−)+CNON(1+)→ ONDXc(0)+CNON(0) 1.92 0.62
h+ +(VAl2ON)a(1−)→ (VAl2ON)a(0) 1.86 0.46
h+ +(VAl2ON)c(1−)→ (VAl2ON)c(0) 1.87 0.38
h+ +(VAlON)a(2−)→ (VAlON)a(1−) 2.26 0.49
h+ +(VAlON)c(2−)→ (VAlON)c(1−) 2.33 0.37
Experiment 1.93 0.56

responsible for the orange band formed in N-lattice site, such
as CN, ON, VN, for which the formation energy decreases with
the change of the growth conditions from N-rich to Al-rich.
Theoretically, concentration of Al vacancies is expected to
decrease when the growth conditions are changed from N-rich
to Al-rich, however in reference [32] a u-shaped dependence
of the Al vacancies concentration on the III/V flux ratio was
observed. Taking into account high concentration of oxygen
in our samples, we suppose that the donor, responsible for the
orange PL band, presumably is ON. Concentration of donors,
obtained from the PL kinetics fit is lower than the oxygen con-
centration obtained by SIMS. This can be explained by that
a part of the oxygen atoms forms complexes with acceptors,
such asVAl-nON, CNON. The close decay curves for the orange
PL band in the undoped AlN sample and the Si-doped AlN
sample with lower oxygen concentration can be explained by
that the orange PL band in the Si-doped sample originates from
the undoped buffer layer.

The maximum position of the photoluminescence excita-
tion band of 4.7 eV is close to the known ultraviolet absorption
band in AlN [16], which is related to carbon and was assigned
to CN defect [16], three-carbon [33], and two-carbon [34]
complexes. The concentration of the CN defect is expected
to increase with increase in the III/V flux ratio, which agrees
with the experimentally observed increase in the luminescence
intensity with increase in the III/V flux ratio [11]. The posi-
tion of the PL excitation band of the 1.9 eV PL band can thus
be explained by absorption from the CN defect to conduction
band.

5. Conclusions

In conclusion, photoluminescence, photoluminescence excita-
tion spectra and photoluminescence kinetics have been invest-
igated for the orange photoluminescence band at 1.9 eV in
AlN in the wide temperature range of 5–650 K. The recom-
bination dynamics has been described by donor-acceptor
recombination model with taking into account local lattice

vibrations. In photoluminescence spectrum of silicon-doped
AlN another photoluminescence band at 3.1 eV with much
slower photoluminescence kinetics is observed. The exper-
imental results have been compared with density-functional
theory calculations of the luminescence peak energies for band
to defect and donor-acceptor transitions. Calculated lumin-
escence peak energies of the following transitions are relat-
ively close to the experiment: donor-acceptor transition from
a shallow donor to VAl(2−/3−), donor-acceptor transition
from polaronic state of the ON neutral donor to CN and
VAl3ON defects, donor-acceptor transition from the VN(0/1+)
donor to the CN(0/1−) acceptor, and transition from negat-
ively charged ON DX-centres to the CNON complex. Large
Franck-Condon shift of the orange PL band observed in
the experiment can be explained by taking into account lat-
tice relaxation of both donor and acceptor. In our opin-
ion, the most probable explanation of the orange PL band
is the recombination from ON donor to CN acceptor with
correlated relative positions of these defects.
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